The end result of major sporting events has been shown to affect next-day stock returns through shifts in investor mood. By studying the soccer matches that led to the elimination of France and Italy from the 2010 FIFA World Cup, we show that moodrelated pricing effects can materialize as sporting events unfold. We do this by using intraday stock prices for a firm cross-listed on the Paris and Milan stock exchanges. This strategy allows for a straightforward identification of pricing effects. During the soccer matches, stock prices in the country that eventually loses are lower by up to seven basis points. The probability of underpricing increases as elimination from the tournament becomes more likely.
Introduction
This paper shows how a major shift in investors' emotions, caused by a national team's imminent elimination from a major sporting event, can almost instantaneously affect stock prices. In presenting these findings, this paper contributes to the continuing debate on the efficiency of financial markets and the rationality of market participants. In the aftermath of the 2007-09 global financial crisis, this debate has only intensified, with contributions from a wide range of academics, policy-makers, market participants and journalists. The 2013 Nobel Prize in Economics awarded for the empirical analysis of asset prices further underlines the relevance and importance of this debate. 1
As Baker and Wurgler (2007) discuss in their survey on investor sentiment, since at least the 1980s, researchers have explored the idea that investors can deviate from rationally discounting the stream of expected future cash flows.
Early contributions include Shiller (1981) , De Bondt and Thaler (1985) , and DeLong et al. (1990) . One segment of the literature has focused on so-called "investor mood": the effects of exogenous swings in human emotions on stock prices (Baker and Wurgler 2007, 136) . Seminal contributions on investor mood investigate the effects of changes in daylight savings time (Kamstra, Kramer and Levi 2000) , variations in the amount of morning sunshine (Hirshleifer and Shumway 2003) and seasonal affective disorder (Kamstra, Kramer and Levi 2003) .
Recently, the end result of sporting events has been identifed as another relevant shifter of investor mood. Using a sample of 5,000 Dutch households, Kaplanski et al. (2013) find that the recent performance of individuals' favourite sports team significantly affects their stock market expectations. Agarwal, Duchin and Sosyura (2012) find that loan officers' decisions are sensitive to, among other things, outcomes of key sporting events. Regarding soccer matches, Edmans, García and Norli (2007) show that losing a World Cup elimination match lowers next-day stock returns by 49 basis points. An analogous effect is also present, although smaller in magnitude, after international cricket, rugby and basketball matches. Kaplanski and Levy (2010) find that these mood effects spill over into the U.S. stock market, owing to the influence of international investors.
Using soccer matches during the 2010 FIFA World Cup, this paper shows that investor mood begins to evolve during sporting events, in contrast to the previous literature, which has focused on the effect of the final scoreline. As the soccer game progresses and the scoreline develops, the match outcome becomes increasingly predictable. For instance, if a soccer team is trailing by one goal with only a few minutes left to play, it is unlikely that the team will win the match. 2 By that time, the mood of the supporters of the team that is 2 It would not be without precedent, though. One notable case is the 1999 Champions League final, when Manchester United scored two goals in injury time to beat Bayern Munich 4 about to lose will already have soured.
Methodologically, our paper combines three distinctive features. First, we focus on investor mood during international soccer matches using intraday data. As argued by Edmans, García and Norli (2007) , soccer results are appealing measures of investor mood. In many countries, a large portion of the population intensively follows and passionately discusses soccer. However, evaluating the contemporaneous effects of soccer results on mood and price formation is not straightforward. High-profile international soccer matches often take place in the evenings or during weekends, when markets are closed. Also, for matches that do coincide with trading hours, intraday data is less readily available than daily data. Accordingly, papers typcially study shifts in mood using daily returns for the day after the match (Edmans, García and Norli 2007; Kaplanski and Levy 2010) . 3 In contrast, we study minute-by-minute data during the 2010 FIFA World Cup, a major sporting event that has attracted a lot of attention, even during trading hours (Ehrmann and Jansen 2012) .
A second distinctive feature of this paper is the use of trading information for a cross-listed company, STMicroelectronics, which is included in the main index of both the Milan and Paris stock exchanges. For cross-listed stocks, in principle, the prices on both exchanges should be equal, since the stocks by 2-1. 3 Croxson and Reade (2013) use high-frequency data from sports betting markets to study market efficiency. They find that prices update fully and swiftly in response to soccer goals. This paper shows that sporting events can affect stock pricing via mood effects and provides detailed insight into the evolution of these effects. We present four pieces of evidence. First, stock prices in the country whose national team is losing its match are significantly below those in the other stock market, with a frequent gap of up to seven basis points. Second, the probability of underpricing increases as the match unfolds and the elimination of the team becomes more likely. Third, in case of the match between South Africa and France, such an effect arises only after France is trailing. Finally, for that same match, the mood effect is still visible at the start of the next trading day.
This last finding is in line with Edmans, García and Norli (2007) , although the effect is less pronounced in our estimations. To ensure that we are capturing soccer-related mood effects, we construct placebo samples and verify that, for these, no comparable pricing gaps occur.
Description of the soccer matches
We study mood-related pricing effects during two soccer matches at the 2010 
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Africa was the team with a small, but not unrealistic chance of progressing.
In the 70th minute, French forward Florent Malouda managed to score a goal, but the game ended in a 2-1 victory for South Africa. France, the runner-up in the previous World Cup, left the tournament without winning a single game. the need to strip out the effects of high-frequency fluctuations in exchange rates. Furthermore, we prefer analyzing stocks with sufficient liquidity, which is why we restrict our attention to those included in a country's main stock market index. In the end, given these constraints, the analysis focuses on the stock of STMicroelectronics. 6
STMicroelectronics is one of the world's largest semiconductor companies, We measure pricing anomalies as deviations from theoretical parity, as in De Jong, Rosenthal and Van Dijk (2009) . For instance, from the perspective of the French market, we calculate the percentage deviation from log parity (P D F t ) as follows:
10 and, from the Italian perspective, the percentage deviation (P D I t ) as:
where P P aris t is the price of the stock in Paris and P M ilan we use time plots for pricing deviations as the match progresses. If mood effects are present, we expect the pricing deviations to turn negative as the matches progress, and elimination for France and Italy looks increasingly likely. Also, we use histograms to study the distribution of pricing deviations during and outside the matches. Compared with a carefully constructed control sample, we should observe a higher number of negative pricing deviations during the soccer matches, if mood effects exist.
Next, we further quantify the possible mood effects on mispricing. We use probit regressions as P D t , although, theoretically, a continuous variable effectively takes on only a limited number of outcomes. 9 We first study whether there is any evidence of mood effects during the matches by using a dummy variable (M atch i t ) that equals one during the soccer games. We then estimate for each country the following probit model:
Next, we estimate four variations of the probit model in equation 3. First, we study whether there is evidence of significant deviations from parity close to, but not during, the matches by using dummies capturing pre-match and post-match event windows. A priori, one would expect no mispricing in the pre-match windows, since investor mood will not yet be affected by the match progress. However, for the post-match windows, following the results of Edmans, García and Norli (2007), the occurrence of a mood effect in the country that was eliminated from the tournament is to be expected. For the pre-match window, we use the 15 minutes before the game starts. For the post-match window, we use two blocks of 15 minutes in the first 30 minutes of trading during the next day.
Another variation of equation 3 takes liquidity into account. As shown in Ehrmann and Jansen (2012), investors can be less attentive during major sporting events, leading to a decline of market liquidity. Therefore, we control for fluctuations in trading activity by including the number of trades, both in Paris and Milan, as control variables in the regressions.
We then turn to a more refined analysis of how the mood effect materializes during the match. We replace the dummy M atch i t with a variable that captures the number of elapsed minutes after the start of the game. If sentiment worsens as the game progresses, and elimination looks increasingly probable, we would expect a negative effect for this variable. Finally, we distinguish between the period when the game is still a tie and the period when a team is trailing. We 13 use two dummies to capture this dynamic: the first is equal to one as long as the game is tied; and the second equals one after the opponents score their first goal. If mood effects are present, one would expect them to materialize in particular after a team is trailing in the match.
Data description
To get a first impression of the behaviour of the stock prices on the Paris and Milan exchanges, we focus on the trading week between 21 and 25 June 2010, the week when both relevant soccer matches were taking place. Figure Turning to Thursday, 24 June, the day of the Italian match, we again see a spike in the pricing deviation at the end of the trading day, although less marked than on the preceding Tuesday. In this case, the overpricing in the Paris market corresponds to an underpricing in the Italian market during the Slovakia versus Italy match. Again, there is a quick correction as trading opens on Friday, 25 June. During that last day of trading in that week, mispricing again fluctuates between -2 and 2 basis points. These patterns provide the first supportive evidence for our hypothesis of a mood-related effect on stock prices during the soccer matches.
(insert Figure 1 about here)
Mood effects: Evidence using graphs
We now turn to more detailed evidence for mood effects. Before the match between France and South Africa, pricing deviations fluc-tuate between -2 and 2 basis points ( Figure 2 ). This pattern continues during the first 20 to 30 minutes of the match, before becoming more volatile. We see increased evidence of underpricing after the South African goals and the red card for one of France's players, but especially during the last half hour of trading, in line with the evidence presented in Figure 1 .
When the match between Italy and Slovakia starts, the prices in Milan are nearly equal to those in Paris (Figure 3 ). Quite soon, however, there is an underpricing of around 4 basis points, which widens abruptly to 6 basis points after the first Slovakian goal. During the remainder of the match, the stock in Milan trades a few basis points lower than the stock in Paris. As a sensitivity analysis, we construct a placebo sample by assuming that the matches occurred one day earlier than they did. We use the time slots between (2007) for World Cup elimination matches. Presumably, the smaller mood effect is related to the particular type of stock under study in our paper, for two reasons. First, because of the cross-listing, any arbitrage opportunities will be more salient, which may correct for the mood-induced pricing anomaly. Second, we are measuring stock prices against a stock market of a country, whose national team was also not doing particularly well. One might well imagine that the price gaps between the exchanges of a winning and a losing team's country are substantially larger. Unfortunately, the available data do not allow studying such a scenario.
Importantly, controlling for liquidity does not impact the qualitative findings (Tables 1 and 2 Turning to a more refined analysis of the relation between the match evolution and the mood effect, we find that the probability of observing underpricing increases as the two soccer games unfold. When using the number of minutes after the games start in the regressions, we find a negative and significant coefficient in the case of both matches (Tables 1 and 2, column 4) . The estimated average marginal effects suggest that, relative to the degree of mispricing at the start of the game, each additional minute of playing time corresponds to an increased probability of underpricing by around half a percentage point.
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Finally, we ask when precisely the mood effect occurs during the match.
In the case of the French match, we find that a negative mood effect is present only after France is trailing. After the first South African goal, there is a 20.2percentage-points greater probability of underpricing on the Paris exchange.
As long as the game is tied, there is actually some evidence of a smaller likelihood of underpricing, although the coefficient is significant only at the 10% level (Table 1 , column 5). For the Italian match, there is evidence of underpricing when the game is still tied ( Table 2 , column 5). The results for the French match are closely in line with our hypothesis that the mood effect will materialize when a team is trailing, especially if elimination from the tournament is increasingly likely. For the Italian match, it is less obvious why underpricing would already occur when the game is still a tie. However, the match reports suggest that Italy did not get off to a good start, and Slovakia had a number of good chances in the opening minutes of the game. The poor start may have had a negative effect on the investor mood in Italy.
We repeat the probit analyses using three placebo samples and find mostly insignificant effects. The results in column 1 are based on the data shown in Figure 5 , where we assume the matches took place one day earlier; column 2 assumes that matches took place one week later; and column 3 assumes that matches took place one
week earlier. The marginal effects in Table 3 can be compared with those in 21 column 1 of Tables 1 and 2. Most of the effects are estimated to be close to zero. In only one out of six cases, the marginal effect is significant at the 5% level (panel B, column 2). Still, the magnitude of the coefficient is less than half the size noted during the match between Slovakia and Italy.
(insert Table 3 about here) 22
Conclusions
There is an ongoing and wide-ranging debate on the efficiency of financial markets and the rationality of market participants. This paper provides evidence that mood effects can affect stock pricing instantaneously and provides more insights into the evolution of these effects. By studying minute-by-minute stock prices during sporting events, we add to previous work that studies the effects of the final match outcome on next-day stock returns (Edmans, García and Norli 2007; Kaplanski and Levy 2010) . The identification strategy applied in this paper also adds to the literature by using price information for a cross-listed firm.
Testing whether departures from market efficiency are present is not without challenges. This paper offers an intuitive example of how exogenous shocks to human emotions can affect stock pricing, even in a context where one would expect a high degree of price efficiency. As such, this paper offers food for thought about the operations of financial markets and the behaviour of market participants. In this context, extending the analysis to a larger sample of cross-listed firms during an extended set of matches will be instructive. It may also be interesting to investigate these mood effects using tick-by-tick rather than minute-by-minute data. This will increase the precision of the identification of mood effects during sporting events and thus shed further light on the degree of market efficiency. -19129 -19129 -19126 -19129 -19125 Notes: Average marginal effects and robust standard errors (in parentheses) based on probit regressions.
Sample period: 3 May-30 July 2010, excluding the time frame of the soccer match between South Africa and France. The dependent variable is a (0,1) dummy that equals one when the prices for STMicroelectronics are lower on the Milan stock exchange than on the Paris exchange and equals zero otherwise. The "Pre game" variable equals 1 during the 15 minutes before the match between Slovakia and Italy; "Post game 1" equals 1 in the first 15 minutes of the trading day after the match; "Post game 2" equals 1 for the second 15 minutes of the trading day after the match; "Number of trades" are measured per 100 per minute; "Game tied" equals 1 while the teams are tied; "Team trailing" equals 1 when Italy is trailing. All regressions include dummies capturing month, week, day-of-the-week and time-of-day effects. * and ** denote significance at the 5% and 1% level, respectively. Notes: Average marginal effects and robust standard errors (in parentheses) based on probit regressions.
33
We report results for three placebo samples, where we assume that matches took place one day earlier The coefficients can be compared with those in column 1 of tables 1 and 2. All regressions include dummies capturing month, week, day-of-the-week and time-of-day effects. * and ** denote significance at the 5% and 1% level, respectively.
